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Supplementary Results 

Supplementary Fig. 1. Image-based screening of PBMCs and the interaction score 

enables quantification of leukocyte cell-cell interactions, related to Figure 1 

(a) Overview of screening pipeline used (images were 10x, 4-channel plus bright field). (b) 

Modes of action of biologicals used here: (i) anti-MHC-II blocking antibody, (ii) rituximab, 

and (iii) blinatumomab. (c) Analysis of healthy donor PBMCs with MHC-II directed antibody 

comparing (left) total number of PBMCs, (middle) relative abundance or (right) absolute 

number of CD11C+ and CD3+ cells. (d, left) Interaction frequency distributions between 

negative or three sets of single positive cell types after randomization; (d, right) mean 

interaction frequencies after 1000 bootstrap runs (x-axis) compared to the formula calculated 

value for the interaction score (y-axis). (e-g) Interaction score of (e) CD3+→CD11C+ cells after 

treatment with anti-MHC-II antibody and incubated with VSV, LPS, or naive, (f) 

CD11C+→CD3+ cells after incubation with anti-CD54 or IgG2a isotype control antibody, or 

(g) CD14+→ CD14+ cells after stimulation with LPS. (c, e-g) Were performed in technical 

triplicates, average and boxplots or standard error of means over technical repeats are shown, 

and experiments are representative of two repeats from different healthy donors. 

  



Supplementary Figure 2
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Supplementary Fig. 2. The interaction score is robust to changes in subpopulation cell 

number, relates to Figure 1  

(a) Observed (left) or expected (middle) fraction of A cells → B cells after random assignment 

of cell identities to a fixed subpopulation (fixed positions of cells within one well with 15,140 

cells) (right) the comparison of what is expected versus what is observed when using the 

interaction score to quantify A cell → B cell interactions with varying cell populations from 

panels left and middle. (b) Cell counts of (right) total PBMCs or (far right) CD19+ cells, or 

interaction scores of (left) CD19+→CD56+ cells or (far left) CD19+→CD56+ cells after 

incubation with rituximab at increasing concentrations. Mean and standard error of means are 

shown for experiments at low (blue line) or higher (red line) total cell numbers. (b) Performed 

in 8 technical repeats, average and standard error of means over technical repeats are shown, 

and representative of at least two repeats from different healthy donors. 
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Supplementary Fig. 3. Chemical rewiring of the leukocytic cell-cell contacts, related to 

Figure 2 

(a) Average population-level infection of the VSV screen over all 384-well plates per screen; 

insert (lower right) indicates positive control layout. (b) Percent infected cells (GFP+) 

determined by imaging of each PBMC subset indicated. (c) Example images of merged DAPI 

and VSV channels (top row), DAPI signal only (middle row) and VSV-GFP signal only 

(bottom row) after incubation with drugs that decrease infection (Topotecan; left column), 

show control-level infection (DMSO; middle column) or increase infection (Beclomethasone 

dipropionate; right column). Merged and representative images cover entire wells of 384-well 

plates. Shown drugs are highlighted on graph (bottom) indicating VSV infection (x-axis) 

versus compound effect significance compared to DMSO (-log10(P-value; y-axis). (d) VSV 

infection in PBMCs of a different healthy donor after incubation with listed compounds, log2-

relative to DMSO infection levels. Mean and standard deviation shown. (e) Venn diagram 

comparing the top 140 drugs having the largest variation in interaction score (left) to the top 

140 with the strongest cytotoxic effect (right), and drugs having both phenotypes (middle). (f) 

(left panel) Correlation (x-axis) between VSV infection and all measured interaction scores 

plotted against the correlation significance (-log10(P-value); y-axis); (middle panel) percent 

VSV infected PBMCs (x-axis) to the CD14+↔CD14+ interaction score (y-axis) for each of the 

1,402 compounds; (right panel) CD14+↔CD14+ interaction scores (y-axis) after incubation 

with steroidal anti-inflammatory compounds versus DMSO at three time points post virus 

infection (x-axis). (g-h) Selected interaction scores (y-axis) after treatment with various groups 

of drugs compared to the corresponding interaction scores over all compounds. (a) Average 

values over 24 plates are shown. (b) Average and standard deviations over at least 100 DMSO-

control wells are shown. (c) Representative images from quadruplicates are shown. (d) Values 

are averages over at least quadruplicates, with standard deviations over replicates shown. (f) 

(left) Correlations over all 1,402 compounds, (middle) average values over quadruplicates (x-

axis) and duplicates (y-axis) are shown, (right) mean and standard deviation over triplicates 

per compound are shown. (g-h) Interaction scores are measured at the single cell level, and 

number of compounds per class are shown in the boxplots. 
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Supplementary Fig. 4. Crizotinib increases interactions between T-cells and antigen 

presenting cells in naive PBMCs, related to Figure 3 

(a) Z-score normalized interaction scores (y-axis) between lymphocytes→CD11C+ and 

CD11C+→lymphocytes after treatment with (R)- and (S)-crizotinib are shown, compared to all 

1,402 compounds screened (left boxplots).  (b) Flow cytometry CD4+, CCR4+ (CD194)+ Th2 

T-cells after overnight incubation with (R)-crizotinib. (a) Is data from large-scale screens 

performed in duplicate. (b) is a representative experiment of at least three repeats.  
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Supplementary Fig. 5. Immunomodulatory effect of crizotinib acts through inhibition of 

MST1R, related to Figure 5 

(a-b) Whole western blots corresponding to Fig. 5d (a) and Fig. 5f (b). (c-d) (c) Percent GFP+ 

SW480 cells and (d) MHC-I expression shift after 72h induction of two siRNA against 

MST1R. (e) qPCR analysis of indicated genes in SW480 cells after incubation with 1µg/ml 

MST1 or untreated. (f) MHC-I expression after incubation with DMSO (green), 1µM BMS-

777607 (red), or 1μg/ml MST1 (blue) overnight on SW480 cells. All experiments are 

representative examples, performed in at least triplicate, (e) shows standard deviation over 

technical replicates. 
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Supplementary Fig 6. In vivo assessment of the immunomodulatory properties of 

crizotinib, related to Figure 6 

(a-c) Analysis of publicly available RNAseq of (R)-crizotnib treated and untreated H3122 cells 
1, mirroring Fig. 4a-c. (d) qPCR of indicated genes after 12h incubation of H3122 cells with 

DMSO or 10µM crizotinib, normalized to GAPDH. (e) Meta-analysis of relative MST1R 

expression (left) or significance of MST1R up-regulation (right) in various lung carcinomas. 

Reference numbers and details are indicated. (f) Schematic of the proposed mechanism by 

which crizotinib induces MHC-I and –II expression. (a-c) RNAseq performed in triplicate, (d) 

Is example experiments performed in at least triplicate. 

  



 
 

Supplementary Datasets: 

 

Supplementary Dataset 1: Overview of 1,402 compounds used for screens. Each compound 

is referenced by its SMILES, Chemspider ID, CHEMBL ID, the known drug status, name 

(from CHEMBL), number of clinical trials involved (clinicaltrials.gov; mid-2015), and the 

concentration screened, all when available. 

 

Supplementary Dataset 2: Resource: immune modulation potential of 1,402 compounds 

on key lymphocyte population interaction changes. Each compound is referenced by its 

common name and SMILES, ranked by their 2-sigma significance to change in virus infection 

or interaction score. Red: decreasing, or green: increasing, infection or interaction score. Gray 

boxes indicate not-available due to quality control issues of original images. 

 

Supplementary Dataset 3: RNA sequencing data from SW480 crizotinib treated cells. 

Analysis is provided in Fig. 4. 

  



 
 

Supplementary Tables: 

 

 

 

Supplementary Table 1: Chemical proteomics of crizotinib in H3122 cells. iTRAQ ratios 

and p-values are provided to assess quantitative interactions, as in 2-3. 

  



 

  
 



 
 

Supplementary Table 2: Small molecule screening data table. 
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